The cylinder liner of a low speed engine is one of the most important parts of the marine diesel engines used in merchant ships. However, a sufficient degree of precision in the manufacturing method for these cylinder liners has never existed. Conventional honing stones have always been used for machining large marine cylinder liners. Therefore, it is necessary to develop a honing process that optimizes the honing characteristics. In this study, a CBN honing stone was manufactured to improve the honing performance for a cylinder liner and shorten the processing time, and machining experiments on a practical cylinder liner were carried out. Then, a comparison was made between the CBN honing and honing with a conventional GC stone using parameters such as the honing time, machining quantity, and honing cost. As a result, for a #60 CBN stone, the machining amount was significantly improved compared to the conventional one by about 1.1 /min, and in respect to the machining cost, a reduction of about 57% was achieved. However, an improvement in the process with a #800 CBN stone could not be expected because it did not show a significant difference compared to the case of the existing stone.
Introduction
The cylinder liner used in the marine engine of a large vessel is a crucial component that plays an important role in a large diesel engine. However, the reliability has been questionable because the automation of the machining processes was insufficient as a result of the lack of quantitative assessments for liner machining. In addition, modern marine engines have rapidly increased in size for the high-speed transport of containers and mass transport. The development of a marine engine with a horsepower of more than 100,000 is currently planned. However, it is thought that conventional materials and manufacturing methods may have reached their limits in relation to these extra-large cylinders, which are close to 1 m in diameter. Thus, the development of a new manufacturing method to reduce the initial taming or a new machining method for the liner is increasingly necessary.
Until now, the machining of a large marine cylinder liner has relied on the use of a conventional GC honing stone. However, it is necessary to develop and apply a CBN honing stone with excellent honing characteristics because the life cycle of a conventional abrasive stone is short and the processing cost is high.
*
In this study, a machining experiment using a CBN honing stone was carried out to improve the honing performance for a marine cylinder liner and shorten the honing time. Differential points related to the honing time, machining quantity, and honing cost of the CBN and GC stones were investigated [1] [2] [3] .
Experimental Method

Manufacturing of CBN Honing Stone
CBN honing stones were manufactured to replace the conventional GC grinding stone. The grit sizes of these stones were #60, #80, #170, #325, #500, #600, and #800, and the concentration was 100. The grade was edium and a metal bond was used. The machining experiments were carried out by mounting the stick type CBN honing stone on the honing head.
After performing the machining experiments using the conventional grinding stone and CBN honing stone, the authors compared and investigated the results. Fig. 1 shows the CBN honing stones used for the experiment. Fig. 2 shows the honing head for honing the cylinder liner. A horizontal-type honing machine was used, and four honing stones were mounted around the circumference. The honing stones used were #60, #120, and #600 GC stones and #50, #170, and #800 CBN stones, and the total machining depth was 0.23 mm, grinding in three steps of 0.15, 0.05, and 0.03 mm. The number of revolutions of the machining head was 13 rpm, and the feed rates were identical (10.5 m/min) in all of the experiments. The machining force varied in the range of 35 50 kg/ . Table 1 shows the chemical compositions of the used materials. The mechanical properties are as follows: tensile strength, 245 N/ ; elongation, 0.3%; and hardness, 180~230 HB. Fig. 3 shows the honing surface using a #60 GC stone, which has been used in conventional ways. For this large grit size, thick scratches appeared and the damage of the hard-phase could be confirmed. The completely machined surface had not yet been achieved because the surface roughness was 2.68 3.47
Conventional Honing and Results
Case of #60 GC Stone
Ra. Fig. 4 shows the honing surface using a #120 GC stone, which has been used in conventional ways. The scratches appeared to be thinner than those with the #60 stone, and the degree of improvement for the hard-phase was slightly increased. The finished machined surface was achieved because the surface roughness was 0.30 0.51
Ra. Fig. 5 shows the honing surface using the #600 GC stone, which has been used in conventional ways. Although a few scratches can be seen, the hard-phase was much improved. The completely machined surface was achieved because the surface was 0.14 0.18 Ra and hardphase. In the experiment, the time taken for each machining depth was 180 210 min. In addition, the cost per hour was high because the larger grit size required a smaller amount of machining per minute. In other words, the machining speed for #60 was 0.8 /min, with 0.24 /min for #120, and 0.17 /min for #600. In this experiment, the total machining cost was estimated to be 156,900 KWN.
CBN Honing and Results
The machining experiments were carried out for three kinds of stones (CBN #60, #170, and #800) to verify the machining performance of the manufactured CBN honing stones. The machining head was operated at 13 rpm, the same feed rate (10.5 m/min) was used for each experiment, and the machining force was 35 40 kg/ . The machining depth for the experiment was determined to be 0.15 mm. Fig. 6 shows the honing surface using the #60 CBN stone. Similar to the case with the GC stone, thick scratches were caused by the large grit size and damage to the hard-phase was also verified.
It could be verified that, because the surface roughness was 1.39 1.76 Ra (12.0 13.6 R max.), a completely machined surface had not yet been achieved. It was verified that the perfect depth after honing with the #60 CBN was 0.05 0.06 mm.
When machining with the #60 CBN, the honing speed was better than the case of the GC stone at 1.1 /min. When using the CBN, the machining cost was 43,000 KWN, which was 57% of the cost of GC honing (75,000 KWN).
The use of a CBN honing stone will contribute to cost reductions, as shown in Table 2 .
On the other hand, an experimental comparison between CBN #170 and GC #120 was performed as follows. The honing depth was 0.05 mm, and the honing force was 35 40 kg/ . As the results of the experiments, the honing time by CBN and the grinding stone were 124 and 210 min, respectively. Thus, the machining time was significantly reduced for the CBN. It was verified that a 55% cost saving when using CBN was expected in comparison with the GC stone because the machining cost of CBN was 33,200 KWN, and the use of the GC stone cost 60,000 KWN. In addition, the perfect depth after machining by #170 CBN was 0.03 mm. Fig. 7 shows the honing surface after using the #800 CBN. In this experiment, the machining depth was 0.03 mm.
In the case of the #600 GC stone, as shown in Fig.  5 , few scratches appeared. However, an improvement to the hard-phase was observed at the honing surface for the CBN #800 of Fig. 7 . Therefore, it was verified that it was possible to achieve a machined surface roughness of 0.08 0.15 Ra (0.7
1.7 R max). As a result, in the #60 CBN, the machining amount was significantly improved in comparison with the conventional one by about 1.1 /min, and from the aspect of the machining cost, a reduction of about 57% was achieved. However, no improvement from the use of CBN #800 could be expected because it showed no significant difference compared with the case of the existing stone. Fig. 3 Morphology of honing surface using #60 GC (×100). Fig. 4 Morphology of honing surface using #120 GC (×100).
As a result of the experiments, since the honing time with CBN #800 was 117 min and with GC #600 it was 180 min, there was a 65% reduction in the case of CBN. However, there was only a very small difference of about 5%, as shown in Table 4 , for the cost reduction aspect, because the machining cost was 20,800 KWN in the case of CBN and 21,900 KWN for GC.
Conclusions
With the goal of liner honing application, several types of CBN honing stones were manufactured and tested. The results were compared with the case of using a conventional honing stone. From the above results, when honing a liner using a CBN honing stone, the rough machining and intermediate processing during the early stage of the honing process are excellent in comparison with the conventional one, but in the case of finish honing there was no significant difference.
